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Waller PJ, Bernes G, Thamsborg SM, Sukura A, Richter SH, Ingebrigtsen K, Hoglund J: Plants as de-
worming agents of livestock in the Nordic Countries: historical perspective, popular beliefs and prospects
for the future. Acta vet. Scand. 2001, 42, 31-44. — Preparations derived from plants were the original therapeu-
tic interventions used by man to control diseases (including parasites), both within humans and livestock. De-
velopment of herbal products depended upon local botanical flora with the result that different remedies tended
to develop in different parts of the world. Nevertheless, in some instances, the same or related plants were used
over wide geographic regions, which also was the result of communication and/or the importation of plant ma-
terial of high repute. Thus, the Nordic countries have an ancient, rich and diverse history of plant derived anthel-
mintic medications for human and animal use. Although some of the more commonly used herbal de-wormers
were derived from imported plants, or their products, many are from endemic plants or those that thrive in the
Scandinavian environment. With the advent of the modern chemotherapeutic era, and the discovery, develop-
ment and marketing of a seemingly unlimited variety of highly efficacious, safe synthetic chemicals with very
wide spectra of activities, herbal remedies virtually disappeared from the consciousness — at least in the West-
ern world. This attitude is now rapidly changing. There is a widespread resurgence in natural product medica-
tion, driven by major threats posed by multi-resistant pest, or disease, organisms and the diminishing public per-
ceptions that synthetic chemicals are the panacea to health and disease control. This review attempts to provide
a comprehensive account of the depth of historical Nordic information available on herbal de-wormers, with em-
phasis on livestock and to provide some insights on potentially rewarding areas of “’re-discovery” and scientific
evaluation in this field.

plant anthelmintics; herbal remedies; helminth parasites; livestock; man.

Introduction

The use of plants, or their extracts, for treat-
ment of gastro-intestinal parasites in humans
and livestock is steeped in antiquity. It was
Claudius Galénus (AD 130-200), a Greek phy-
sician of Pergamon, who received notoriety for
applying medicines prepared from vegetable
substances by infusion, or decoction. These be-
came known generically as “galenical” drugs,
or preparations, and established the foundation

for modern veterinary pharmacology. It is with
some interest to note that the approach taken by
Galénus was in contrast to the Hippocrates /
Paracelsus school of thinking which espoused
treating like with like” (similia similibus cu-
rantur), that later formed the basis for
Hahneman’s concepts of homeopathy (Vaarst
1996).

In medieval times, plants with reputed anthel-
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mintic properties were often mixed with min-
eral salts (arsenic, copper etc.), or more esoteric
materials (blood, faeces, fluids from reptiles,
wild animals etc.) to form quite bizarre and of-
ten hazardous concoctions — for both parasites
and hosts alike. With time, trial and error, such
preparations were refined in an attempt to at
least moderate the undesirable consequences to
the host, but with the advent of safer and more
effective synthetic anthelmintic compounds,
they rapidly disappeared from the veterinary
anthelmintic market (Gibson 1980). Neverthe-
less, it is of interest to note that the World
Health Organisation has recently estimated that
80% of the population of developing countries
rely on traditional medicine, mostly plant
drugs, for their primary health care needs
(Dange & Bogh 2000). Also in a global context,
modern pharmacopoeia still contain in the or-
der of 25% drugs derived from plants and many
others which are synthetic analogues built on
prototype compounds isolated from plants.
However, there has been a resurgence of inter-
est in traditional health practices throughout the
world. In veterinary medicine, this interest en-
compasses ethnobotany and the use of herbal
remedies. Workshops, forums and conferences
are occurring with increasing regularity, which
is obviously being driven by a concomitant in-
creasing level of research acitvity. The forces
responsible for this momentum are manifold.
These include the perception that “natural is
nice”, concerns of synthetic drug residues in
the environment and the food chain, and partic-
ularly the spectre of rapid emergence of multi-
ple resistant pest organisms through misuse and
overuse of these modern drugs.

Within the Nordic countries, the same holds
true. This region of the world is at the vanguard
of the organic farming movement, with major
emphasis on livestock production. Many pro-
gressive and educated farmers who have chosen
to farm livestock organically are well aware of
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the importance of nematode parasites affecting
the productivity of their animals and adopt
grazing strategies aimed at evading, or mitigat-
ing the effects of parasites in their animals
(Svensson et al. 2000). However, others show
less awareness and management of grazing
livestock is largely determined by herbage sup-
ply and not by parasitological considerations
(Vaarst et al. 1996). One specific strategy is to
graze livestock on plants with purported anthel-
mintic properties. For example, a survey of
Danish organic dairy farmers with 255 respon-
dents, revealed the use of herbs in the leys on
26% of the farms. Of these, caraway (Carum
carvi) [56%], parsley (Petroselinum crispum)
[20%], chicory (Cichorium intybis) [10%],
chervil (Anthriscus cerefolium) and dill (Ane-
thum graveolens) [14%], used singly or in com-
bination, were the most commonly used plants
(Smidt 1997). For the purposes of deworming,
the feeding of wormwood (Artemisia absin-
thium), mugwort (4. vulgaris), chicory (Cicho-
rium intybis) and common tansy (Tanacetum
vulgare) were expected by farmers to have an-
thelmintic properties (Smidt 1997).

In addition, there has been a major commitment
to the development of sustainable disease con-
trol systems, which by definition means the in-
tegration of a range of non - chemical methods
with the minimal use of drugs, to insure contin-
ued effectiveness for the foreseeable future.
Control of internal parasites of livestock by
these means has been a major focus of research
activities in the Nordic countries for several
years (Thamsborg et al. 1999).

Research in the Nordic countries on anthelmin-
tic properties, or protective effects, of local
plants against helminth parasites of livestock is
very recent and limited at this stage to studies
on tanniferous forages (Kahiya et al. 1999,
Bernes et al. 2000). However, many of the ear-
liest written reports of anthelmintic properties
of plants originate from this region of the world
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(eg., the writings of Henrik Harpestrang in the
early 13t century). The purpose of this review
is to provide a historical perspective and to
present our view of the potential and possibil-
ities for the use of plants that are endemic, or
thrive in the Nordic environment, as de-worm-
ing agents. Due to the relatively wide variation
in climate, soil, altitude etc. within this limited
area, the total number of plant species is quite
large.

Also, a brief consideration is made of the recent
developments in the use of specialized crops,
the so-called ”nutraceuticals”, which are bioac-
tive crops that are either grazed, or fed after
preservation, with the main purpose of prevent-
ing or curing disease. The ultimate objective
would be to use these plants as additional
means for the further development and refine-
ment of sustainable parasite control systems of
livestock.

Plants and parasites

There is an inextricable association between
plants and parasites of livestock. Pastures pro-
vide the link between the free-living and the
parasitic phases of helminth parasites for all
grazing animals. At different stages of growth,
pasture species may facilitate or impede the
survival of free-living populations, the estab-
lishment of parasite burdens and lessen or in-
tensify the effects of parasitism on the host.
Competent management of pastures is needed
for the twin goals of efficient conversion of
herbage to animal products and effective con-
trol of gastrointestinal parasites.

Indirect effects of plants on parasites

It is reasonable to assume that the height, den-
sity and form of plant growth could affect the
micro-environment of the free-living stages of
parasites and thus play a role in transmission of
infection. Because of the necessity of moisture

films for movement of nematode larvae from
faecal deposits to herbage, it might be expected
that pastures consisting largely of erect, tall
growing species would provide less protection
from desiccation, and from removal by heavy
rain, than those consisting primarily of pros-
trate species. Indeed, a factor considered to mit-
igate the high rates of contamination following
increased stocking rates is the decreased avail-
ability of herbage, which provide conditions
less favourable for the development and survi-
val of the free-living stages of nematode para-
sites (Thamsborg et al. 1996). Although there
has been a number of such ecological studies,
little has been done in the Nordic countries and
this aspect is outside the scope of this review.
However, it is important to recognise these indi-
rect effects of herbage when any grazing stud-
ies are conducted on plants with purported an-
thelmintic properties. It must be established
that observed effects are directly plant related
and not due to effects on development and sur-
vival of the free living stages of parasites, or the
provision of an enhanced level of nutrition
which helps the animal to rapidly mount an im-
mune response against incoming or resident
parasite infections.

Direct effects of plants on parasites

This relates specifically to anthelmintic proper-
ties of plants. Although there is a large and di-
verse range of herbal de-wormers that are used
throughout the world, particularly in the Asian
and African countries, generally there is a lack
of scientific validation of the purported anthel-
mintic effects of these products. Evidence to
date is almost entirely anecdotal. This also ap-
plies to the reports of de-worming properties of
herbal preparations that have either Nordic ori-
gins, or a long history of use in this region (for
some historical background, see Grove 1990).
These can be broadly classified into the follow-
ing classes (see Table 1):
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Lichens and Ferns: One of the plants most
commonly mentioned in the Nordic literature is
male fern (Dryopteris filix-mas), a common
fern that is widespread throughout the Northern
hemisphere. Extracts from powdered rhizomes
were first used by the Greeks (circa 350-250
BC) to treat tapeworm infections. This product
(oil of aspidium) became an established prod-
uct in many Pharmacopoeia of the Western
World and was sold until the end of the 1940s.
A number of active compounds have been iso-
lated from this product, but it appears that the
anthelmintic constituent is filicic acid.

Trees and Shrubs: Reports are few on the
extensive use of trees and shrubs specifically to
feed to livestock as treatment against parasites.
However, products of willow (Salix spp). have
been widely used as analgesics or antipyretics
in humans, probably attributable to the content
of salicin and derivatives. Salix spp. also has a
reputation as an anthelmintic for humans and
livestock. Horses fed leaves are not supposed to
get worms and a decoction of the bark is effica-
cious against flukes (trematode parasites) and
diarrhoea in sheep (Brondegdrd 1980).

Herbaceous Plants: There is a great variety
of these plant types that has been used as de-
worming preparations. Whilst most of those
mentioned in Table 1 thrive in the Nordic envi-
ronment, many originated from other countries.
Possibly one of the most widespread and com-
monly used herbal anthelmintic is oil of cheno-
podium, derived from Chenopodium ambroi-
soides, popularly known as American worm-
seed, or goosefoot. Archeological and ethno-
logical studies suggest that this material has
been used for many centuries. It is of passing
interest that in the early eighteenth century, Pe-
ter Kalm (1715-1779), a Swedish botanist and
traveller, reported that it was used by both the
indigenous inhabitants and European settlers in
the American colonies for the treatment of As-
caris infections. Plants were taken to Europe,
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cultivated widely, and were soon in common
usage. The active principle, ascaridol, a volatile
terpene, was isolated and eventually synthe-
sized. However, in the Nordic countries, Chen-
opodium is not one of the most commonly men-
tioned plant families.

Some of the plants mentioned are now com-
monly used as spices eg. caraway (Carum
carvi), thyme (Thymus spp) and mint (Mentha
spp). These have been found in Russian studies
to have effect against Trichostrongylus larvae in
vitro and also in sheep (Gadzhiev & Eminov
1986, Eminov 1982).

Members of the family Asteraceae have also a
prominent position in the herbal de-worming
literature. The Romans used dried, unexpanded
flower heads obtained from several species of
the genus Artemisia in the first century, for the
treatment of Ascaris, Enterobius and tapeworm
infections. The name given for this herbal pre-
paration was semen-contra vermes (semen
against worms), apparently because of its
superficial resemblance to semen. It became an
important member of the European pharmaco-
poeia until the early 20" century. The active
principle was found to be the sesquiterpene lac-
tone, santonin. More recent pharmacological
studies have demonstrated the pharmacological
basis of this chemical. Low concentrations of
santonin are reported to have a selective toxic
action on the ganglion located in the nerve ring
of Ascaris spp. (Sollmann 1957). Against other
nematodes, such as Oxyuris spp and the ces-
todes, santonin is not effective (Steinegger &
Hidnsel 1972). Pharmacological studies investi-
gating the specific effects of santonin-contain-
ing herbal preparations are not known. This is
probably because santonin had been isolated
and used as a vermifuge as early as 1830. Due
to its narrow therapeutic window (safety index)
and toxicity, the crude drug santonin is no
longer used (Reynolds & Prasad 1982, Tyler et
al. 1988, De Smet 1997).
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Another member of the Asteraceae family,
more widely used in the Nordic countries, is
common tansy (7Tanacetum vulgare). The active
component is claimed to be thujon. In vitro
studies have shown an effect of this plant on
Trichostrongylus and Ostertagia circumcincta
spp. (Gadzhiev & Eminov 1986, Eminov 1982).
Vegetables, such as carrot (Daucus carota),
brassicas (Brassica spp), the onion group (A4!/-
lium spp.), as well as all kinds of berries have
had widespread use against parasites in the
Nordic as well as most other countries. Seeds of
pumpkin and cucumber (Cucurbitaceae) have
been used in tropical America for centuries as a
treatment of tapeworm infections. From there
the popularity of this remedy spread to Europe.
The active component, cucurbitine, was identi-
fied as an amino acid (3-amino 3 carboxy pyro-
rolidin). Leaves from another tropical plant, to-
bacco (Nicotiana rustica), have enjoyed
universal popularity and latterly notoriety for
use in smoking. However, infusions of this
plant, or synthetic analogues (e.g. nicotine sul-
phate) were commonly used as anti-nematode
preparations in ruminant livestock up until the
advent of the modern broad spectrum anthel-
mintics in the mid 1950s. Both these plants
have also been grown and used as anthelmintics
in the Nordic countries.

Pasture plants: The possible use of special-
ised crops to control nematode infections in
grazing ruminants has attracted considerable
research interest in recent years. Bioactive
plants or forages with secondary metabolites,
particularly legumes with a high content of pro-
anthocyanidins (condensed tannins) e.g. sulla
(Hedysarum coronarium) or lotus major (Lotus
pedunculatus) have been reported to reduce
worm burdens in grazing lambs by up to 50%
(Niezen et al. 1995). An in vivo anthelmintic ef-
fect has also been observed using quebracho, a
condensed tannins extract, as a single high dose
against sheep nematodes (Athanasidou et al.

1999) and the capacity of purified condensed
tannins from Danish legumes to kill nematode
larvae in vitro has been demonstrated (Kahiya
et al. 1999). However, in several field studies it
has been difficult to relate anti-parasitic effects
to the actual amounts of condensed tannins
(e.g. Niezen et al. 1998). A complicating factor
is that condensed tannins are a poorly defined
group of compounds (basically polymers cap-
able of covalently binding protein) making
standardised determinations in plant material
difficult.

It has been postulated that the beneficial effects

of tanniferous plants against internal parasites

could be due to one, or a combination, of the
following factors:

* Tanniferous plants increase the supply and
absorption of digestible protein by animals.
This is achieved by tannins forming non-bio-
degradable complexes with protein in the ru-
men, which dissociate at low pH in the abo-
masum to release more protein for meta-
bolism in the small intestine of ruminants —
in other words, “natures protected protein.”
This indirectly improves host resistance and
resilience to nematode parasite infections.

» Tannins have a direct anthelmintic effect on
resident worm populations in animals.

* Tannins and/or metabolites in dung have a di-
rect effect on the viability of the free-living
stages (development of eggs to infective lar-
val stages).

Although there is some evidence to support

each of these above claims (for review, see

Kahn & Diaz-Hernandez 1999), we believe that

the data are by no means clear-cut (Bernes et al.

2000).

Limitations with using plants as natural
anthelmintics

It is not a simple matter of just growing these
plants and expecting them to be used in a natu-
ral parasite control system. In a longer perspec-
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tive, many issues need to be considered. These
include, whether the chosen plants are amen-
able to cultivation and if so by what means
(pure stands or as mixed leys), ease of harvest-
ing seeds and thus their commercial availabil-
ity, and means of use or administration (graz-
ing, or individual stable feeding — short, or long
term). In addition, factors such as palatability,
stability, biodegradability of active compounds
in preserved products, whether these are to be
used curatively, or preventively, need to be con-
sidered. Finally, dosage may be difficult to con-
trol and the possibility of toxic side effects in
animals needs to be considered.

Some of the potential candidate plants cannot
withstand trampling by livestock, are poor
competitors with other pasture species in mixed
grazing swards (e.g. Lotus spp., Beuselinck &
Grant 1995), or they are preferentially sought
out by grazing animals and thus easily succumb
to even light grazing pressure (e.g. H. coronar-
ium, Niezen et al. 1995).

Plants which have a high content of known di-
rect-acting parasiticides (e.g. santonin in worm-
seed) may be effective for short-term ”curative”
use eg. a short grazing interval on a “deworm-
ing” paddock before a pasture change. In other
cases, plants may have to constitute a substan-
tial proportion of the feed and may therefore be
used in a preventive fashion mixed with grass
and clover in larger grazing areas, or in pure
stands for rotational grazing.

A word of warning — plant toxicity

The whole animal kingdom is dependent on the
use of plant material. Plants have probably cov-
ered much of our planet throughout the history
of multicellular life. This implies that herbi-
vores have been too few in number to consume
all the food available (Hairston et al. 1960), and
probably more importantly, that some plants
have evolved defence mechanisms against be-
ing eaten by herbivorous animals (Murdoch
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1966). One of their defence principles is the
production of chemical compounds, which may
be harmful or distasteful to potential herbi-
vores. The fact that certain plants could have
adverse effects on man and livestock has been
known since ancient times. Likewise, it has
been recognised that some plants could be of
benefit in disease conditions. These two aspects
of the plant kingdom, the beneficial and the
harmful properties of plants, strongly related to
dosage, are described in the early medical liter-
ature of classical Greece and Rome (Hippo-
crates, Theophrastus, Dioscorides).

Modern scientific literature on plant effects on
livestock deals mainly with adverse effects, and
less attention has been paid to the curative po-
tential of plant material. The complex nature of
this discipline is reflected in the difficulties in
classification of poisonous plants. Attempts to
classify them according to the chemical nature
of their active constituents are met with the ob-
stacles that these may be either a single sub-
stance or a number of substances with wide dif-
ferences in chemical properties. Accordingly, a
chemical classification will lead to consider-
able overlapping with some plants featuring in
several chemical groups. Albeit these difficul-
ties, the majority of recent textbooks group the
poisonous plants according to their known toxic
constituents (Cooper & Johnson 1998). These
include a vast range of compounds that may be
classified as alkaloids, glycosides, nitrates, ox-
alates, photodynamic substances, thiaminases,
local irritants and phytooestrogens. The most
reputed plants in the Nordic flora with reported
responsibility for livestock poisoning include
wolf’s-bane (Aconitum Ilycoctonum) (alka-
loids), cowbane (Cicuta virosa) (alkaloids),
groundsel (Senecio spp.) (alkaloids), yew
(Taxus baccata) (alkaloids), brassicas (Bras-
sica spp.) (S-methyl cystein sulphoxide, pro-
goitrin, nitrates, amongst others), foxglove
(Digitalis purpurea) (digitalis-glycosides), bog
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asphodel (Narthecium ossifragum) (saponin-
glycosides), sorrel (Rumex spp.) (oxalates), St.
John's-wort (Hypericum spp.) (photodynamic
substances), bracken (Pteridium aquilinum)
(thiaminases, alkaloids), horsetail (Equisetum
spp.) (thiaminases) and Ranunculus spp. (local
irritants) (Seli 1981, Laksesvala & Dishington
1983, Neerland 1984. Solberg 1984, Ulvund
1984, Waldeland 1984, @verdas 1984, Anders-
son et al. 1989, Sivertsen et al. 1992, Fldoyen et
al. 1995, Flaoyen & Froslie 1997). Several of
these plants appear in Table 1 and thus are ex-
amples of both beneficial (according to popular
belief!) and harmful properties of plants. One
should be aware that there is some structural
overlap between these simple chemical groups
and that other classifications are possible. Fur-
thermore, it must be borne in mind that little is
known of the toxic constituents of many plants
and that the poisonous properties of a plant may
be due to more than one substance.

It is also important to understand that natural,
often genetically determined, variations exist
between different populations of some plant
species, which may affect their toxic potential.
An example of this is birdsfoot trefoil (Lotus
corniculatus), in relation to cyanogenic glyco-
sides. In different populations (cultivars), these
substances may be absent, or the enzymes that
break them down to release hydrocyanic acid
may be absent, or both of them may be present.
Consequently, if one of these constituents is
lacking, the plant is harmless, and only when
both are present the plant is poisonous. This
knowledge is essential to make a rational selec-
tion of non-toxic cultivars of L. corniculatus as
an important constituent for pasture leys.

Like any ‘new’ area of treatment against target
pest organisms, the use of plant materials to
control internal parasites should be tempered
with common sense and based on scientific val-
idation of a useful measure of efficacy, which at
the same time is host benign.

Conclusion

This review provides ample evidence that a
considerable amount of information relating to
the use of plant material as de-worming prepar-
ations for man and his livestock in the Nordic
countries, is available. However, almost all of
these reports are historical and/or anecdotal.
Evidence for effectiveness of plant de-worming
preparations has been rarely obtained and little
has been made available in scientific publica-
tions. With respect to increasing interest in the
therapeutic use of natural products, we believe
that it is important that a systematic evaluation
is made of the botanical resources of the Nordic
countries in relation to the purported de-worm-
ing properties of those plants that are endemic,
or thrive, in this region of the world.
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Sammanfattning
Viixter for avmaskning av husdjur i de nordiska
ldnderna: historiskt perspektiv, folklig tro och mojlig

Sframtida anvindning.

Att soka efter substanser inom véxtriket som ger bot
och lindring mot sjukdomar (déribland parasiter)
savil hos sig sjidlv som sin boskap dr ndgot som har
varit foremal for mansklig aktivitet sedan urminnes
tider. Framstéllningen av ortmediciner har varit be-
roende av den lokala floran, vilket har medfort att
olika preparat utvecklats i olika delar av vérlden.
Dock har i vissa fall samma eller ndrbeslaktade arter
anvidnts 1 ménga lander. Det har dven varit vanligt
med import av vaxter med hogt anseende. De nor-
diska ldnderna har historiskt sett haft ett rikt och va-
rierat utbud av anthelmintika fran véxtvarlden, for
bruk till savédl méanniskor som husdjur. Detta har varit
savdl importerade preparat som endemiskt fore-
kommande véxter och vixter som kan odlas i
Norden. Mycket kdinnedom och erfarenhet av natur-
ligt forekommande ldkevixter har emellertid gatt
forlorad i véstvdrlden. Detta som en konsekvens av
utvecklingen och lanseringen av en mingd effektiva,
sidkra , syntetiskt framstdllda lakemedel med bred
verkan. Under senare ar har dock attityden till dessa
produkter i viss man fordndrats och det finns ett
fornyat intresse for olika typer av naturlikemedel.
Det beror delvis pa att vissa preparat blivit
verkningslosa till foljd av att resistens utvecklats hos
sjukdomsorganismerna. Avsikten med denna littera-
turdversikt dr att redovisa uppgifter framforallt fran
dldre nordiska kéllor om vilka véixter som har anvénts
i avmaskande syfte. En diskussion fors ocksa om pa
vilka omrdden ny forskning kan ge virdefull och
anvandbar kunskap.
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